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Background: C-reactive protein (CRP) has been used as an indicator of postoperative complications in
abdominal surgery. Its short half-life makes it a reliable marker of the systemic inﬂammatory response
secondary to a surgical procedure or to the appearance of complications, rapidly returning to normal
values with the recovery of the patient.
Aim: To demonstrate the value of sequential serum determinations of postoperative C-reactive protein
(CRP) and white blood cell counts (WBC) in the identiﬁcation of increased risk of anastomotic leakage
after colorectal surgery.
Methods: We reviewed the daily postoperative serum CRP and white blood cell counts in 173 patients
who underwent surgery for colorectal disease with anastomosis, between January 2008 and October
2009. Patients with anastomotic leakage (Group A, n ¼ 24) were compared to patients without leakage
(Group B, n ¼ 149). Patients with ongoing infections before surgery or with acquired postoperative
infections other than leakage were excluded. Mean pre- and postoperative values of CRP and WBC were
compared.
Results: The diagnosis of anastomotic leakage was made between the 4th and 11th postoperative day
(POD; mean 7th POD). The daily average values of serum CRP were signiﬁcantly higher in group A
starting at the 2nd POD and remained signiﬁcantly elevated until the diagnosis of leakage (p ¼ 0.003).
The cut-off value of 140 mg/L on the 3rd POD maximized the sensitivity (78%) and speciﬁcity (86%) of
serum CRP in assessing the risk of leakage. Comparison of postoperative serumWBC values did not show
any signiﬁcant differences between the two groups until the 6th POD.
Conclusion: According to these results, an early and persistent elevation of CRP after colorectal surgery
with anastomosis, is a marker of anastomotic leakage. A cut-off value > 140 mg/L on POD3 maximizes
sensitivity and speciﬁcity.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Anastomotic leakage is a serious complication after colorectal
surgery, associated with increased postoperative morbidity and
mortality, longer length of hospital stay and higher costs related to
caregiving.1e4 This complication is also an independent factor of
poor prognosis in patients undergoing curative resection for colo-
rectal cancer, contributing to local recurrence and decreased
survival in these patients.5e8ery, Department of General
eda Professor Hernâni Mon-
; fax: þ351 2 25513631.
meida).
ciates Ltd. Published by Elsevier LtThere are multiple risk factors associated with anastomotic
leakage, yet it is difﬁcult to predict this complication in individual
patients.9
Despite the increased understanding about risk factors for
anastomotic leakage and improvement in surgical technique,
anastomotic leakage remains an important complication and
occurs without obvious cause in some patients with no known risk
factors.9
The diagnosis of anastomotic leakage should be as early as
possible in order to reduce its associated morbidity andmortality.10
C-reactive protein (CRP), an acute phase protein synthesized by the
liver, has been used as an indicator of postoperative complications
in abdominal surgery.9,11e13 Due to its short half-life (19 h), CRP is
a reliable marker of systemic inﬂammatory response secondary to
the surgical procedure or even a marker of complications, tending
to normalize rapidly with the patient’s recovery.13,14 Recently, thisd. All rights reserved.
Table 1
Characteristics of patients submitted to colorectal resection with primary anasto-
mosis: Group A e with leakage; n ¼ 24; Group B e without leakage; n ¼ 149.
Group A Group B P
Mean age (years) 69.5 65.5 0.77
Gender 0.82
Male 13 (54.2%) 75 (50.3%)
Female 11 (45.8%) 74 (49.7%)
Disease 0.65
Cancer 17 (70.8%) 112 (75.2%)
Inﬂammatory bowel disease 2 (8.3%) 6 (4.0%)
Diverticular disease 0 (0.0%) 4 (2.7%)
Other pathologies 5 (20.9%) 27 (18.1%)
Surgical planning 0.36
Elective 22 (91.7%) 142 (95.3%)
Emergency 2 (8.3%) 7 (4.7%)
Surgical approach 0.08
Laparotomy 23 (95.8%) 119 (79.9%)
Laparoscopy 1 (4.2%) 30 (20.1%)
Type of resection 0.25
Right colon 6 (25.0%) 62 (41.6%)
Left colon 12 (50.0%) 56 (37.6%)
Rectum 4 (16.7%) 31 (20.8%)
Total colectomy 2 (8.3%) 0 (0.0%)
Average hospital stay (days) 29.5 11.7 <0.001
Postoperative mortality (%) 12.5 2.7 0.02
Fig. 1. Evolution of serum CRP in the pre- and postoperative period in patients with
and without anastomotic leakage (p ¼ 0.003).
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septic complications after esophageal, pancreatic and rectal
resection.9,13,15,16
This study aimed to evaluate the utility of sequential post-
operative serum determinations of CRP and white blood cell counts
(WBC) in the identiﬁcation of the increased likelihood of anasto-
motic leakage after colorectal surgery.
2. Methods
173 consecutive patients who underwent surgery for colorectal disease with
primary anastomosis between January 2008 and October 2009, were assigned toTable 2
Mean values of CRP in the pre- and postoperative periods (Group A e with leakage; Gro
CRP (mg/L)
Pre POD1 POD2 POD3 POD4
Group A 22 116 187 201 184
Group B 15 98 132 105 69
p 0.55 0.13 0.001 <0.001 <0.001
POD: postoperative day.one of two groups according to the presence or absence of anastomotic leakage:
with anastomotic leakage (Group A, n ¼ 24), without anastomotic leakage (Group B,
n ¼ 149). Exclusion criteria for this study were age younger than 18 years, presence
of a defunctioning stoma, ongoing infection before surgery or an acquired infection
in the postoperative period other than leakage. Only patients with more than three
postoperative determinations of CRP and serum WBC were included in this study.
The two groups were compared according to the following characteristics: gender
and average age of patients, underlying pathology, planning of intervention (elective
vs. urgent), surgical approach (laparotomy vs. laparoscopy), type of resection, mean
hospital stay, postoperative mortality, and mean values of serum CRP and WBC in
the pre-and postoperative period. Serum CRP <3 mg/L and serumWBC <11 109/L
were considered normal values.
Anastomotic leakage was diagnosed on the clinical signs of peritonitis and/or
clinical evidence of free faecal ﬂuid within the abdomen or emerging from the drain
site. On clinical suspicion and whenever deemed necessary, the diagnosis was
conﬁrmed by abdominal and pelvic CT scan, using intravenous and anorectal
contrast.
Differences between groups were evaluated based on the chi-square test for the
dichotomic variables and on the ManneWhitney test for the continuous variables. p
Values < 0.05 were considered signiﬁcant. The ROC (receiver operator character-
istic) curves of CRP were used to determine the best cut-off values for anastomotic
leakage. The ROC curves are a plot of the sensitivity (true positives) of the test
against 1-speciﬁcity (false positives), for each threshold of the test (each CRP level).
Each point on the ROC curve represents a particular pair of sensitivity and (1-)
speciﬁcity for each determined threshold.3. Results
There was no signiﬁcant difference between the two groups
regarding gender (p ¼ 0.82) and mean age (p ¼ 0.77) of patients,
underlying disease (p ¼ 0.65), planning of intervention (elective vs.
urgent, p ¼ 0.36), surgical approach (laparotomy vs. laparoscopy,
p ¼ 0.08) and type of resection (p ¼ 0.25). Mean hospital stay was
signiﬁcantly higher in group A (29.5 vs. 11.7 days, p < 0.001).
Postoperative mortality was signiﬁcantly higher in group A (12.5%
vs. 2.7%, p ¼ 0.02) (Table 1).
The diagnosis of anastomotic leakage was performed between
the 4th and 11th POD (mean 7 days). The therapeutic options in
patients with anastomotic leakage were: defunctioning stoma
(n ¼ 17), drainage of abdominal and/or pelvic abscess (n ¼ 4) and
medical treatment with intravenous antibiotics (n ¼ 3).
Mean preoperative values of serum CRP were not signiﬁcantly
different between patients operated for cancer and for benign
colorectal disease.
There was no statistically signiﬁcant difference in preoperative
CRP between the two groups. In the postoperative period, however,
it was clearly observed that from POD 2 onwards, the values of
serum CRP were signiﬁcantly higher in group A (Table 2). In group
B, mean serum CRP reached a peak on POD 2, followed by a rapid
decline thereafter (Fig. 1).
On POD 2, mean serum CRP was 187 mg/L in group A and
132 mg/L in group B (p ¼ 0.001). On POD 3, those values were
201 mg/L in group A and 105 mg/L in group B (p < 0.001) (Table 2).
Based on the evaluation of the ROC curves (Fig. 2), a cut-off value of
140 mg/L on POD 3 maximized the sensitivity (78%) and speciﬁcity
(86%) of serum CRP in predicting the risk of leakage (Table 3).
The comparison of postoperative serum WBC values did not
reveal any signiﬁcant differences between groups until the POD 6
(Table 4, Fig. 3).up B e without leakage).
POD5 POD6 POD7 POD8 POD9
162 178 201 209 174
40 40 29 49 36
<0.001 <0.001 <0.001 <0.001 <0.001
Fig. 2. Receiver operator characteristic (ROC) curve for cut-off analysis of serum CRP
on POD 2 and 3 in patients with anastomotic leakage.
Table 3
Sensitivity and speciﬁcity of serum CRP used as a cut-off in the identiﬁcation of
anastomotic leakage, calculated on postoperative days 2 and 3 (ROC analysis).
D2 D3
CRP (mg/L) Sensitivity (%) Speciﬁcity (%) Sensitivity (%) Speciﬁcity (%)
70 100 9 92 9
100 89 23 89 54
120 89 34 89 69
130 78 43 78 77
140 67 51 78 86
160 56 63 56 86
POD: postoperative day.
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The incidence of anastomotic leakage after colorectal surgery
varies between 1% and 40%, depending on the deﬁnition of leakage
and on the type of resection performed,17,18 being higher in
extraperitoneal anastomosis.2 This complication is associated with
high mortality (4%e15%),19 accounting for more than a third of
hospital deaths after colorectal surgery.20 In our study, the
mortality observed in group A was 12.5% (3/24).
Therefore, the necessity of an early diagnosis of anastomotic
leakage becomes clear. However, this diagnosis is not always easy
in the early postoperative period because of the few clinical
manifestations present at that time, which contributes to increased
morbidity and mortality. The presence of respiratory, neurologic or
abdominal symptoms, such as pain and bloating does not allow an
early diagnosis of leakage, as these symptoms usually occur after
POD 4.17,21 However, according to some studies, these may be
regarded as complications that precede by several days theTable 4
Mean values of white blood cells (WBC) in the pre- and postoperative periods (Group A
WBC (10^9/L)
Pre POD1 POD2 POD3 POD4
Group A 7.5 12.5 10.2 8.9 6.9
Group B 7.4 10.9 10.6 9.1 8.3
p 0.85 0.30 0.62 0.84 0.07
POD: postoperative day.diagnosis of anastomotic leakage.17 The presence of fever and
abdominal hypersensitivity, as well as the time it takes to recover
bowel function, do not speciﬁcally identify patients with anasto-
motic leakage.17,21
According to Alves et al,1 the delayed diagnosis (after POD 5) of
anastomotic leakage is associated with a mortality rate of 18%, but
minimal morbidity if diagnosed and treated before POD 5. Early
detection of this complication is essential for timely institution of
treatment, making early distinctive markers useful.
CRP is a protein synthesized almost exclusively by the hepato-
cytes as part of the acute phase response, stimulated by IL-6, a-TNF
and IL-1b originating at the site of inﬂammation.13 This protein acts
at the endothelial cells and on complement, thereby participating
in the inﬂammatory cascade. Its short half-life (approximately
19 h), makes CRP a valuable marker for detecting disease activity,
inﬂammatory response and postoperative recovery or the appear-
ance of postoperative complications.13
Elevated preoperative CRP was considered an independent
predictor of poor prognosis in patients with hepatocellular,
pancreatic and colon cancer.13 This inﬂammatory marker was also
used in detecting pancreatic necrosis and in monitoring the
severity of patients with acute pancreatitis.13 Together with clinical
signs and other inﬂammatory markers, CRP has been evaluated as
an indicator of an unfavorable postoperative course, including
surgical and non-surgical complications.13,21 Recently, this protein
was identiﬁed as an early predictor of septic complications after
esophageal, pancreatic and rectal resection.21 Given the potential
complications associated with anastomotic leakage in colorectal
surgery, particular emphasis has also been given to this marker in
this area.
In this series, we observed that from the second postoperative
day onwards, mean serum CRP was signiﬁcantly higher in the
group who developed leakage, and this marker remained elevated
until the diagnosis of the complication. These results are consistent
with others recently published9,13,21,22 and seem to suggest that the
early and sustained elevation of postoperative serum CRP may be
used as a predictor of anastomotic leakage in patients in whom
other infectious complications (respiratory, urinary tract and
surgical wound infections) could be excluded.
The changes observed in postoperative CRP levels in patients
who developed leakage demonstrate the presence of an
inﬂammatory process and the activation of hepatic synthesis of
CRP immediately after the surgical procedure (and before the
occurrence of clinical manifestations). As the synthesis of this
inﬂammatory marker is dependent only on the liver function
and not compromised by any other organ failure, the rate of CRP
production actually reﬂects the intensity of the inﬂammatory
process.13
Tissue ischemia at the suture line of a leaking anastomosis
seems to be responsible for the appearance of an intense and early
inﬂammatory response, with subsequent increased synthesis of
CRP.13 The theory stating that poor tissue perfusion increases the
risk of anastomotic complications could be demonstrated in several
studies.23e27 In a few animal and human models, the decrease ine with leakage; Group B e without leakage).
POD5 POD6 POD7 POD8 POD9
7.3 8.8 10.9 12.3 15.4
7.4 7.9 7.9 8.5 10.9
0.81 0.47 0.016 0.021 0.13
Fig. 3. Evolution of serum WBC count in the pre- and postoperative period in patients
with and without anastomotic leakage (p ¼ 0.4).
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healing process could be demonstrated.24e26 The decrease in
anastomotic intramucosal pH level in the ﬁrst 24 h after surgery is
signiﬁcantly associated with increased risk of dehiscence23 and
supports the theory that poor tissue perfusion of an anastomosis
starts early and increases the risk of complications.
In patients undergoing anterior rectal resection, Welsh et al.
concluded that serum CRP levels above 140 mg/L on POD 3 had
a sensitivity of 80%, speciﬁcity of 81% and positive predictive value
of 85.7% in the prediction of postoperative complications.13 In our
study, using the same cut-off on POD 3, we observed a sensitivity of
78% and a speciﬁcity of 86%.
Regarding the course of postoperative serum leukocytes, the
mean values were signiﬁcantly different between the two groups
only on POD 7. Interestingly, POD 7 was also the median day for the
diagnosis of leakage, so thewhite blood cell count is not as useful as
the serum CRP which rises much earlier. Our ﬁndings are similar to
those reported in several other studies.9,13,21
Recently procalcitonin has been studied as an even earlier
marker of inﬂammatory changes than CRP, but tends to reﬂect the
magnitude of the systemic inﬂammatory response in the ﬁrst
postoperative 12 h, particularly after extensive surgery, and has to
be interpreted with caution.13
It is possible that some patients in group B might have had
a subclinical anastomotic leakage. However, these patients usually
do not require therapeutic intervention and our primary goal was
to achieve an early identiﬁcation of clinically signiﬁcant compli-
cations, associated with increased morbidity and mortality, and
that might beneﬁt from earlier treatment.5. Conclusion
According to the results of this study, early and persistent
elevation of serum CRP (in particular a value exceeding 140mg/L on
POD 3) after colorectal surgery had a signiﬁcant association with
anastomotic leakage. Daily postoperative CRP measurements may
therefore be useful in identifying those patients requiring careful
clinical reassessment and possibly imaging to conﬁrm or exclude
anastomotic leakage, especially if other sources of infection (such as
the wound, chest or urinary tract) can be exonerated.
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